EBI 1, a putative lymphocyte-specific G protein-coupled peptide receptor, was induced by human herpesvirus 6 or 7 infection in CD4+ T cells, and its expression increased early after infection and reached a plateau at 48 h. The induction of the EBI 1 gene by human herpesvirus 6 or 7 infection was not mediated by soluble factors but by the virus itself. Deduced from comparisons of the amino acid sequences among members of the G protein-coupled receptor superfamily, these findings suggest that EBI 1 may be a member of the leukocyte chemotactic peptide receptor family.
EBI 1, a putative lymphocyte-specific G protein-coupled peptide receptor, was induced by human herpesvirus 6 or 7 infection in CD4+ T cells, and its expression increased early after infection and reached a plateau at 48 h. The induction of the EBI 1 gene by human herpesvirus 6 or 7 infection was not mediated by soluble factors but by the virus itself. Deduced from comparisons of the amino acid sequences among members of the G protein-coupled receptor superfamily, these findings suggest that EBI 1 may be a member of the leukocyte chemotactic peptide receptor family.
Human herpesvirus 6 (HHV-6) and HHV-7 are newly identified CD4+ T-lymphotropic herpesviruses (7, 23) .  which can be divided into two groups, designated variants A and B (1, 2, 26, 30, 33) , has been isolated from patients with lymphoproliferative disorders and AIDS (23) and is a causative agent of exanthem subitum (31) .
Because of its predominant tropism for and cytopathic effect on CD4+ T cells, it has been hypothesized that HHV-6 could play a role as a cofactor in AIDS (6, 16) . has been shown to productively coinfect individual CD4+ T cells along with human immunodeficiency virus type 1, causing accelerated cell death (6) , induction of CD4 synthesis (16) , and trans activation of the human immunodeficiency virus long terminal repeat independently of the tat-responsive region (6) . To examine the changes in CD4+ T cells by HHV-6 infection, we have performed differential hybridization of a cDNA library, using probes obtained from HHV-6-infected CD4+ T cells in comparisons with uninfected cells. By differential screening of this library, the EBI 1 gene (3), which has been reported to be a lymphocyte-specific G protein-coupled peptide receptor induced by Epstein-Barr (EB) virus infection in B lymphocytes, was isolated. In this report, we describe for the first time induction of the EBI 1 gene by HHV-6 or HHV-7 infection in CD4+ T cells and discuss the functional role of the EBI 1 gene.
The U1102 strain of HHV-6 variant A (5), the Z29 strain of HHV-6 variant B (15) , and the RK strain of HHV-7 (7) were grown in cord blood mononuclear cells, which were stimulated with 1 jxg of phytohemagglutinin (PHA; GIBCO, Grand Island, N.Y.) per ml and cultured in RPMI 1640 medium supplemented with 10% heat-inactivated fetal calf serum (FCS; GIBCO) and 0.5 U of human recombinant interleukin-2 (IL-2; Takeda Chemical Industries, Osaka, Japan) per ml, as described previously (31) .
CD4+ T cells were enriched as described previously (32 One part of these cells was cultured for 4 days and harvested as an uninfected control. Another part was infected with stock virus at an approximate multiplicity of infection of 1. The cells were cultured in a CO2 incubator at 37°C until the cytopathic effect was detectable. When HHV-6 or HHV-7 virus infections were detected in more than 70% of the cells by indirect immunofluorescence using HHV-6-or HHV-7-seropositive human serum (usually 4 or 5 days after inoculation), the virus-infected cells were used for extraction of total cellular RNA. The supernatants from these cultures were exposed to UV light for 30 min to inactivate the viruses. The unstimulated CD4+ T cells, which were cultured in RPMI 1640 medium with 10% FCS for 4 days after the removal of PHA and IL-2, were treated with an equal volume of the UV-irradiated supernatant, and the cells were harvested at 2, 6, 12, 24, and 48 h after treatment. To analyze the kinetics of EBI 1 gene expression, the CD4+ T cells, which were cultured in RPMI 1640 medium supplemented with 10% FCS, IL-2, and PHA for 5 days, were harvested at 24, 48, 72, and 96 h after the removal of IL-2 and PHA or after U1102 infection.
Total cellular RNA was extracted from the cells by the acid phenol-guanidinium isothiocyanate extraction method described previously (11) . Poly(A)+ RNA from the CD4+ T cells was selected by oligo(dT) cellulose chromatography and then used to construct a cDNA library in the pcD-SRox expression vector system (28) . Approximately 5 x 104 clones were screened by colony hybridization. For the subtractive probe preparation, single-stranded 32P-labeled cDNA probes were prepared from 10 pug of poly(A)+ RNA isolated from Z29-infected (infected-probe) CD4+ T cells 48 h after infection or from uninfected (uninfected-probe) CD4+ T cells. First-strand cDNA synthesis was performed with random DNA hexamers (Takara Shuzo, Kyoto, Japan), using the avian myeloblastosis virus reverse transcriptase system (BRL Life Technologies Inc., Gaithersburg, Md.) according to the manufacturer's instructions, with the exception of dCTP at a final concentration of 20 ,uM and the addition of 2.5 mCi of [32P]dCTJP (ICN Radiochemicals, Irvine, Calif.) per ml. Hybridization was carried out at a final probe concentration of about 107 cpm/ml. Colonies that exhibited differential hybridization with the infected and uninfected probes were isolated for further analysis. Nucleotide sequencing was performed by the dideoxy chain termination method using denatured supercoiled plasmid DNA (24) .
For Northern blot (RNA) analysis, 10 ,ug of total cellular RNA was denatured with 2.2 M formaldehyde and size fractionated by electrophoresis on 1% agarose gels containing 0.66 M formaldehyde in MOPS (morpholine propanesulfonic acid) buffer (20 mM MOPS [pH 7.0], 5 mM sodium acetate, 1 mM EDTA). The RNA was transferred to charged nylon membranes (GeneScreen Plus; New England Nuclear, Boston, Mass.) and hybridized with 32P-labeled probes. Subsequent treatment of the filter, hybridization, washing, and rehybridization were done as described previously (10) . The DNA probes used were 1.5-kb EBI 1 cDNA and 0.4-kb human ,-actin cDNA (Wako Pure Chemical Industries, Osaka, Japan).
Differential colony screening of 5 x 1i0 clones and additional Northern blot analysis yielded six HHV-6-induced cellular genes, as assessed by greater hybridization with 48-h Z29-infected CD4+ T-cell RNA than with uninfected CD4+ T-cell RNA. Searches of the GenBank and EMBL databases (22) for the sequences of the six clones identified EBI 1, GADD45 (21) , and four unknown genes. The expression of the EBI 1 gene in infected or stimulated CD4+ T cells was evaluated by hybridizing EBI 1 or ,B-actin probes with blots of lymphocyte or cell line RNAs (Fig. 1) (Fig. 2) . After removal of PHA and IL-2, the expression of the EBI 1 gene decreased gradually and reached the basal level after 72 h, whereas after U1102 infection it increased and reached a plateau at 48 h. Thus, we confirmed that the EBI 1 gene was induced by viral infection in CD4+ T cells.
The EBI 1 gene was first reported by Birkenbach et al. (3) as a lymphocyte-specific G protein-coupled peptide receptor induced by EB virus infection, but its function is still unknown. The EBI 1 gene is expressed at high levels in EB virus-positive Burkitt's lymphoma and EB virus-transformed lymphoblastoid cell lines, and at low levels in PHA-stimulated T cells and two T-cell lines (Jurkat and HSB-2), but is not expressed in nonlymphoid tissues or cell lines.
The EBI 1 gene is a 2.4-kb RNA and encodes a protein of 378 amino acid residues which has seven transmembrane domains and a highly conserved G protein-coupled receptor motif at the junction of the third transmembrane domain and second intracellular loop (27) . This motif, (A/S)-(I/V)-D-R-(Y/ F)-X-X-X-X, where X represents hydrophobic residues, is a functionally important region which interacts with G proteins (14) . The third cytoplasmic loop between the fifth and sixth transmembrane domains has also been reported to be part of the G protein-coupling region of some receptors (9, 13, 19) , but shows great diversity with respect to the number of amino acids among members of the G protein-coupled receptor superfamily. As shown in Fig. 3 , identical numbers of amino acids were found in this region of EBI 1, IL-8 (12, 17), macrophage inflammatory protein (MIP)-la (18) , N-formyl peptides (4), and C5a (8) These findings suggest that EBI 1 may be a member of the leukocyte chemotactic peptide receptor family.
The chemokines are classified into two groups, C-C and C-X-C, according to whether the first two cysteines in the motif are adjacent or separated by an intervening residue in a given chemokine (20) . In general, the C-C chemokines are potent chemoattractants of lymphocytes and monocytes, as well as activators and attractants of eosinophils and basophils, whereas the C-X-C chemokines preferentially induce activation and migration of neutrophils. The effects of chemokines on T cells have also been demonstrated (25, 29) . RANTES, MIP-lao, and MIP-1B are potent chemoattractants of human T lymphocytes: RANTES exhibits selective chemoattractant activity on resting CD4+ memory T cells, MIP-la chemoattracts stimulated CD8+ T cells preferentially, and MIP-1lB preferentially chemoattracts activated CD4+ T cells. In addition, T cells stimulated with MIP-la, MIP-1p, or RANTES show increased adhesion to the endothelium. Although the ligand for EBI 1 is unknown, induction of EBI 1 may enhance the migration of infected T cells to appropriate sites, e.g., lymphoid organs. The combination of macrophages and lymphocytes at these sites might generate important antigen-specific immune responses, including the production of antibodies and appropriate cytotoxic T cells, resulting in the elimination of viruses.
